C hronic hepatitis C infection affects nearly 300 million people worldwide. It is one of the main causes of chronic liver disease and the most common indication for liver transplantation. [1] [2] [3] [4] [5] There are 6 major strains or genotypes of hepatitis C virus (HCV). These genotypes have different geographic distributions, with the type 1 genotype (HCV-1) most common in the United States (accounting for about 75% of cases) 6 and in Spain where it is responsible for 60%-70% of all cases of chronic hepatitis C. 7 The most effective initial therapy for patients with this disorder is the combination of interferon alfa-2b with ribavirin. 8, 9 More recently, there has been a modification of interferon alfa-2b with the addition of a polyethylene glycol molecule to interferon (peginterferon) to produce a biologically active molecule with a longer half-life than the natural molecule, and more favorable pharmacokinetics; these characteristics allow for convenient once-weekly dose administration. 6, 10, 11 In 2001, an important randomized clinical trial was published with peginterferon alfa-2b plus ribavirin in combination therapy administered over 24-48 weeks as a function of the infective virus genotype. The results of the trial indicated sustained viral response (SVR) of 42% in patients infected with HCV-1 and 54% in the sample overall. 12 Experience gained from clinical trials indicates that HCV genotypes 2 and 3 are highly susceptible to current combination therapy regimens, whereas genotype 1 has a lower response rate to interferon-based therapies. The recommended length of treatment for HCV-1 is 48 weeks. 13 Because genotype 1 is both the most prevalent type and is associated with a lower viral response rate and greater potential liver-related morbidity and mortality, 7 it is important to know the outcome of treatment of HCV-1 in studies conducted in routine clinical practice. 14 Although HCV genotype is the main determinant of response of therapy, additional factors, such as adherence to recommended dose and duration of treatment, significantly influence the probability of achieving SVR. A retrospective analysis documented that patients who receive more than 80% of their interferon doses and more than 80% of their ribavirin doses for more than 80% of the duration of therapy (the 80/80/80 rule) had significantly higher SVR, compared with patients with worse adherence. This effect was more apparent in patients infected with HCV-1 than in those infected with Studies have suggested that coordinated care between pharmacists and physicians improves patient care outcomes. 16, 17 With the advent of pharmaceutical medication therapy management, pharmacists have focused their services on the care of the patient and have become integral members of care teams. The role of pharmacists in optimizing treatment response and managing adverse effects in HCV infection is recognized. 18, 19 However, pharmacy interventions on the therapeutic outcomes in patients with chronic HCV have not been sufficiently evaluated. [20] [21] [22] A recent pilot study showed that safe and effective management of HCV infection can be achieved under the care of a clinical pharmacist. After finding that treatment outcomes in the pilot program and in earlier studies managed with traditional care were similar, authors concluded that further studies to investigate the pharmacist's role in the management of patients with HCV infection are necessary. 21 Kolor described how interventions carried out by pharmacists at an HCV clinic provided critical support for patients with HCV. 22 
■■ Objective and Methods
To describe the results of pharmacist interventions in optimizing response in treatment-naïve patients with chronic HCV-1 infection, a prospective, open-label study was conducted from December 2002 through June 2006 at a 373-bed secondary care hospital in Catalonia, Spain. Male and female patients aged 18-70 years with compensated chronic HCV-1 infection (HCV ribonucleic acid [RNA] detectable at more than 6 months), not previously treated with interferon, ribavirin, and/or amantadine, were eligible for enrollment. All patients had an initial visit with the hepatologist for evaluation of severity of the disease and clinical history record. No liver biopsy was obtained from the patients included in the study because histologic findings were not considered a determinant in deciding on therapy commencement. None of the patients were diagnosed with alcohol or drug abuse. The HCV genotypes were established in all of the patients treated in the hospital. Leukocyte and platelet counts had to be at least 3,000 and 80,000 per microliter, respectively, for entry into the study and hemoglobin values needed to be at least 12 grams per deciliter (dL) for females and 13 grams per dL for males. The values of these parameters were considered important since treatment has the potential to cause leukopenia or anemia. Patients that were coinfected with human immunodeficiency virus were excluded from the study.
A convenience sample of 50 consecutive patients was enrolled in the study. Patients who met inclusion criteria were interviewed and verbal consent was obtained; written consent was not required according to the Independent Ethics Committee of the hospital because the study protocol did not compromise the standard practice of care
All patients were treated with peginterferon alfa-2b, with 1.5 micrograms per kilogram (kg) administered subcutaneously once a week. Ribavirin was administered orally as a function of patient body weight: for patients less than 65 kg, a dose of 800 milligrams (mg) per day (2 capsules in the morning and 2 at night); between 65 and 85 kg, a dose of 1,000 mg per day (2 capsules in the morning and 3 at night); and more than 85 kg, a dose of 1,200 mg per day (3 capsules in the morning and 3 at night). The doses of ribavirin or peginterferon alfa-2b were adjusted if anemia or neutropenia were present. The duration of treatment was 48 weeks, although therapy was to be suspended at 12 weeks of treatment for patients who did not achieve early viral response (EVR), defined as a reduction in viral load (HCV RNA International Units per milliliter [IU per mL]) of at least 2 times log 10 .
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After the initial visit to the hepatologist, patients were directed to a consultation with the pharmacy department. In addition to the information about disease and treatment that is routinely provided by hepatologists, pharmacists provided drug therapy management, education, and support. The goal of the pharmacist-managed process was to turn patients into active subjects of the therapeutic plan by establishing a collaborative agreement with them. The pharmacist provided information about the therapeutic plan, administration method, the need for adherence to the treatment schedule, the management of any adverse drug effects should they occur, what to do if a dose is forgotten, how to store the medication, and dietetic recommendations. All information was presented orally and reinforced graphically and with written text.
At each successive visit, the pharmacist identified, recorded, and counseled the patient about the management of drug-related problems. Pharmacists emphasized that the benefits of therapy ultimately may outweigh the inconvenience of adverse events and educated patients about how to cope with these situations. For example, patients experiencing influenza-like symptoms were encouraged to get plenty of sleep, keep well hydrated, and use acetaminophen or a nonsteroidal anti-inflammatory drug therapy. Hematological events were managed with dosage reduction, gastrointestinal events with specific dietary recommendations, dermatological events with topical steroid creams or shooting baths, psychiatric and neurological events with antidepressant therapy, and endocrine events by encouraging patients to eat well-balanced meals to maintain weight. If adverse drug effects were detected that warranted medical treatment, the pharmacist contacted the hepatologist for an emergency visit with the patient. Because adherence is particularly important early in treatment, pharmacists motivated patients when EVR was measured at 12 weeks by reminding them that EVR is a good predictor of SVR.
Adherence was monitored at each scheduled clinical visit by inspecting the pill boxes that were provided to the patient. Monitoring by the attending hepatologist was at weeks 4, 10, 16, 22, 28, 36, 44, and 48. Monitoring by the pharmacist was at weeks 4, 8, 14, 20, 24, 32, 40 , and 48. Pharmacists and hepatologists interposed their consultations with the patients so that an in-depth follow-up to monitor safety, assess therapeutic effectiveness, and enhance quality of life would be provided. In addition, pharmacists provided support to the patients after hours, on holidays, and on weekends. If required, the patients were provided follow-up visits before the standard 4 weeks, and the maximum period between visits did not exceed 6 weeks. These face-to-face encounters helped the pharmacist to monitor patients closely, not only to identify and manage adverse events, but also to assess whether strategies were effectively promoting adherence. The adherence rate, measured using the 80/80/80 rule, was calculated.
■■ Results
All patients were of European descent with a mean age of 43 years (age range: 28-62 years) and 68% were male. Pretreatment viral load was high (greater than 850,000 IU per mL) for 22 patients (44.0%), and 96% had elevated alanine aminotransferase (ALT) at the start of treatment. None of the patients had clinical or biochemical evidence of hepatic decompensation. The rate of EVR was 68.0% (n = 34). Treatment was suspended in 30.0% (n = 15) of the patients in accordance with the treatment protocol because there was no evidence of EVR. Of the patients who had EVR, 70.6% (n = 24) maintained SVR. SVR was achieved in 57.1% of patients who had a low pretreatment viral load (16 of 28) and 36.4% of those with a high pretreatment viral load (8 of 22). The mean adherence rate was 85.7% in the sample overall and 95.5% in patients who achieved SVR.
One patient voluntarily withdrew from the study after 4 weeks of treatment. Treatment was suspended in 2 patients because of adverse drug effects. In the first case, the patient had anemia (World Health Organization grade 4) that did not respond to a decrease in dose. In the second case, the patient developed diabetes type 1. The remaining patients (n = 32) completed the full course of the treatment.
Adverse effects were reported in 94% of the patients, with a mean of 5 episodes per patient; 68.0% (n = 34) had at least 3 distinct adverse effects over the course of the treatment. Medical treatment of the adverse effects was required in 12% of the patients. Frequencies of adverse drug events are presented in Table 1 . It was necessary to reduce the peginterferon dose in 5 patients who developed grade 3 neutropenia and both peginterferon and ribavirin dose in 2 patients who developed grade 3 neutropenia plus grade 3 or 4 anemia. Weight loss occurred in 38.0% (n = 19) of patients because of loss of appetite and 24.0% (n = 12) of patients suffered a weight loss of more than 10%.
■■ Discussion Antiviral treatment of chronic hepatitis C infection has improved over the past decade, initially with the incorporation of the combined therapy interferon alfa-2b plus ribavirin and more recently with the introduction of peginterferon alfa-2b plus ribavirin. Because the therapy is associated with an unfavorable tolerability profile, the management of adverse events to stay the course to reduce viral load is very important. These aspects have resulted in the need for increased efforts to optimize rates of diagnosis, treatment, and evaluation of hepatitis C patients. 23, 24 The overall rate of SVR obtained in our study, 48.0%, was comparable to the rate of 41.7% measured in a 2001 study by Manns et al. 12 The dose of ribavirin in this study was lower than that used in routine clinical practice. When a new analysis was performed in the Manns et al. study with patients who had received ribavirin in doses greater than 10.6 mg per kg, the rate of SVR was 47.5%. 12 The low rate of early discontinuation of treatment in our hospital (6.0%) may have increased the percentage of patients achieving SVR. McHutchison et al. (2002) demonstrated that adherence to treatment improved the effectiveness of the interferon plus ribavirin combination. 15 Weiss et al. (2008) found high rates of adherence (95.5%) to combined treatment, as measured by survey self-report. 25 However, the authors explained these high adherence rates as the result of the tendency of self-report to overestimate adherence and the possible screening out of patients at high risk for nonadherence. 25, 26 In our study, treatment adherence as measured by inspecting pill boxes was 85.7%, even though 68.0% of patients experienced at least 3 adverse treatment effects. Thus, our results are promising, although preliminary because our study lacked a comparison group and enrolled only 50 patients.
■■ Conclusions
Pharmacists are in a good position to improve the treatment of patients with HCV-1 as part of the multidisciplinary patient care team. The structure of the team of health care professionals involved in the follow-up of our study patients promoted collaboration between the physicians and pharmacists. Therefore, pharmacists were able to identify and respond to potential opportunities for improvements in medication use. Pharmacists assisted patients with adverse effects, drug compliance, disease state and medication information, and overall treatment goals; these efforts increased the probability of HCV treatment success. Although these results are promising, more study is needed to provide quantitative evidence of treatment outcomes.
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